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Polycyclic Organic Matter

(including, but not limited to: benzo[a] pyrene, benzoa]anthracene, benzo[b]fluoranthene,

benzo[j ]fluoranthene, benzo[k]fluoranthene, dibenz] a,j]acridine, dibenz a,h]acridine,

7H-dibenzo[ c,g]carbazole, dibenzo[a,e]pyrene, dibenzo[a,h]pyrene, dibenzo[a,i]pyrene,
dibenzo[a,|]pyrene, fluoranthene, 2-methyl fluoranthene, 3-methyl fluoranthene,

indeno[1,2,3-cd] pyrene, 5-methylchrysene, ngphthalene, 1- nitropyrene, 4-nitropyrene,
1,6-dinitropyrene, 1,8-dinitropyrene, 6-nitrochrysene, 2-nitrofluorene, chrysene, dibenz| a,h]anthracene,
7,12-dimethylbenzanthracene, 3-methylcholanthrene, 5-nitroacenaphthene)
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Benzo[a]pyrene: 50-32-8

Physical and Chemical Properties-

Benzo[a]pyrene
Description Ydlow crygdline solid: volatile at elevated
temperatures.
Molecular formula CxoH12
Molecular weight 252.3
Air concentration conversion 1 ppm = 10.3 mg/n?

The compound benzo[a]pyreneis one of the most extensively studied members of the class of
Polycyclic Aromatic Hydrocarbons (PAHS). This class, dong with various PAH derivatives important
as environmenta pollutants, is also described as Polycyclic Organic Matter (POM). POM has been
identified as a Toxic Air Contaminant by the Air Resources Board. POM consists of over 100
identified compounds, and is defined by the Federa Clean Air Act as organic compounds with more
than one benzene ring that have a boiling point greater than or equa to 100°C. The usud definition of a
PAH specifies that the compounds are hydrocarbons with no hetero-atom subgtitutents or ring
members, and that the compound include at least two (or, according to some authors, three)
concatenated aromatic (usudly benzene-like) rings. Although benzo[a] pyreneis one of the more
abundant members of the class, it comprises no more than 5 percent of the total PAHS present in the
atmosphere (Roniaet al., 1983). PAHSs, and derivatives such as nitro-PAHs and PAH quinones, are
included under the TAC category of POM. Additiondly, athough nagphthdene is included within the
Federa Clean Air act definition of POM, it is also separately listed as a Federa hazardous air pollutant
and thusasa CdiforniaTAC. In this summary, the toxicity of PAHs and nitro-PAHs s reviewed for
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potentid impacts on the hedth of children and infants, with specific reference to those PAHs identified
or evaluated as carcinogens by U.S. EPA, IARC, and the Caifornia TAC program (see Section V.C.)
Additiond specific compounds, and mixtures containing PAHs, were consdered where data indicate
carcinogenic or other biologica activities smilar to those seen for the identified carcinogenic PAHS,
especidly where these data include evidence of differentid impacts on infants and children.

Most of the POM occurring as air pollution is attached to particulate matter. Compounds with two
rings (eg., naphthaene), athough solid at room temperature in bulk, are sufficiently volatile thet as air
pollutants they occur in the vapor phase. Compounds with three to four rings (e.g., pyrene) occur ether
in the vapor phase or bound to particles, depending on the temperature and pressure. Compounds with
fiverings (e.g., dibenzo[a,h]anthracene, benzo[a]pyrene) exist as particles in the atmosphere (Atkinson,
1995). PAHs may aso exist as solids in soil or sediment (ATSDR, 1993). PAH-derivativesinclude
nitro-PAHSs, amino-PAHSs, oxygenated PAHs (phenals, quinones), and heterocyclic aromatic
compounds containing nitrogen, sulfur and oxygen (Finlayson-Pitts and PFitts, 1986).

. Overview

There are anumber of toxicologica endpoints associated with PAHSs to which infants and children may
be especidly susceptible.

= Thereisagenerd concern, based on mechanistic arguments and experimentd and
epidemiologica datafor a number of carcinogens, that exposure to a carcinogen early inlife
may have a greater overdl impact than asmilar exposure to an adult. Numerous investigators
have used neonatal exposures in rodents, which have generally been found to show greater
sengitivity to carcinogenesis (i.e. the number of compounds showing a satisticaly significant
effect, the incidence and latency of tumors, and the Sites affected), relative to adults
(Vesdinovitch et al., 1979). In addition, specific data are available showing increased
sengtivity to PAHs and derivatives in young animas. A number of PAHSs, PAH derivatives and
mixtures containing PAHSs have been identified as carcinogensin animals or humans.

= Comparative studies of the relative susceptibility to carcinogenesis at different ages have been
reported. Intrgperitoned injections of benzo[a]pyrene to infant (day 1 or day 15) or young
adult (day 42) mice produced greater lifetime incidence of lung and liver tumorsin the mice
treated at younger ages (Vesdinovitch et al., 1975). When 3 doses of fluoranthene, 2- or 3-
methylfluoranthene were injected into newborn CD-1 mice, there were high incidences of liver
and lung tumors following a short latency period (Lavoieet al., 1994). When 8 doses of 1-
nitropyrene, 1,3-dinitropyrene, 1,6-dinitropyrene or 1,8-dinitropyrene were injected into
newborn CD rats, there were increases in various tumors, some of which occurred after avery
short latency period (Imaidaet al. 1995). In addition, 1,6-dinitropyrene or 1,8-dinitropyrene
produced an early increase in leukemia. These experiments are described in detail in alater
section of this summary.
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=  Severd gudiesin animds and humans indicate that prenatd exposure to PAHS results in serious
or irreversble effects in the fetus, including cancer, teratogenesis and low birthweight. As
discussed in the introductory section of this report, fetal damage sustained as aresult of
exposure to environmenta toxicantsis a source of adverse postnata health impacts, and
therefore fals within the scope of this report.

=  Trangplacenta carcinogeness by PAHsis awell-known phenomenon (Sram et al., 1998;
Anderson et al., 1995). In one experiment, this was associated with induction of a specific
mutation in the Ha ras proto-oncogene in the fetus, which can be expressed podt- nataly with
appropriate promotion (Yamasaki et al., 1987). Thus, it gppears that the mechanisms
underlying transplacental carcinogenesis are smilar to those for carcinogenesis after postnatal
exposure, but the sites of tumor appearance are frequently more diverse, and the sengtivity is
greater (Nikonova, 1977).

= Severd non-carcinogenic effects have been observed following exposure in utero to PAHs or
to mixtures containing them. These included teratogenesis (Shum et al., 1979; Feuston and
Mackerer, 1996), low birth weight in humans (Perera et al., 1998; Dgmek et al., 2000) and
rodents (McKee et al., 1987b), immunotoxicity (Urso et al., 1992), loss of fertility in rodents
exposed to benzo[a] pyrene in utero (Mackenzie and Angevine, 1981), human transplacenta
exposure resulting in hemolytic anemia (Zinkharn and Childs, 1958; Anziulewicz et al., 1959)
and disruption of lymphocyte maturation and hematopoiess (Holladay and Smith, 1994). These
occurred at doses at which materna toxicity (other than long-term effects such as
carcinogenesis) isminimal or absent. In severd cases the effects observed after exposurein
utero pardld toxic effectsin the adult (e.g. immunatoxicity, reproductive toxicity,
myelotoxicity), but whereas the effects are reversible after exposure of the adult, exposure of
the fetus results in an irreversible effect.

= |naddition to differentid sengtivity to toxic effectsin young animas and humans, there is grester
expaosure of children to environmental PAHs (Chuang et d., 1999). Children’sdaily doses of
PAHS (per kg of body weight) were generdly higher from al routes of exposure than those of
adults in the same household (Chuang et d., 1999) or city (Ptashekas et d., 1996). PAH-
DNA adducts have been detected in the human placenta (Everson et d., 1986, Weston et d.,
1989), the umbilical cord blood of newborns (Whyaitt et d., 1989), and the fetuses of
experimenta animas (Withey et d., 1992; 1993).

= Basad on these observations, studies in humans and animals suggest that children may be more
sengtive to the toxic effects of PAHs and PAH derivatives (including, but not limited to,
benzo[a] pyrene, benzo[a]anthracene, benzo[b]fluoranthene, benzo[j]fluoranthene,
benzo[ k]fluoranthene, dibenz| a,j]acridine, dibenz| a,h]acridine, 7H-dibenzo[c,g]carbazole,
dibenzo[a,€e]pyrene, dibenzo[a,h]pyrene, dibenzo[a,i]pyrene, dibenzo[a,l]pyrene, fluoranthene,
2-methyl fluoranthene, 3-methyl fluoranthene, indeno[ 1,2,3-cd] pyrene, 5-methylchrysene,
naphthaene, 1-nitropyrene, 4-nitropyrene, 1,6-dinitropyrene, 1,8-dinitropyrene,
6-nitrochrysene, 2-nitrofluorene, chrysene, dibenz[ a,h]anthracene,
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7,12-dimethylbenzanthracene, 3-methylcholanthrene, 5-nitroacengphthene), and mixtures
containing PAHSs.

[Il.  Principal Sourcesof Exposure

PAHSs and other POM components are produced by the incomplete combustion of any carbor+
containing materids, including foss| fuels and vegetable matter. PAHS have been detected in exhaust
from both gasoline and diesd powered motor vehicles, smoke from residential wood combustion, and
fly ash from cod-fired eectric generating plants (Finlayson-Fitts and Pitts, 1986). Burning of vegetable
materials and other waste is responsible for 50 percent of the totd statewide emissions of
benzo[a]pyrene. Other sources of benzo[a]pyrene, such asresidential wood combustion, coa
combustion, and residua oil combustion, are responsible for about 15 percent of the total statewide
emissons. Some sources of PAHs and other POM components are nonanthropogenic; these can be
formed during any naturaly occurring combustion, such asforest fires (U.S. EPA, 1994).

Benzo[a] pyrene and other PAHs occur in crude ails, shae oils, and codl tars, and are emitted with
gases and fly ash from active volcanoes (HSDB, 1995). In spite of these natura sources, the most
important contributors to air pollution by PAHs are usudly anthropogenic.

A. Mobile sources

In Cdifornia, mobile sources contribute more than 35 percent of the tota benzo[a]pyrene emissions.
(Benzo[a]pyrene in air is quantifiable by standardized methods and is frequently used as a marker for
emissions of arange of PAHs and other POM components.) Within the mobile source category, light
duty vehicles are responsible for 30 percent of benzo[a]pyrene emissons, while heavy duty vehicles
contribute gpproximately 10 percent (OEHHA, 1993). Before the introduction of catalytic converters
(around 1974), mobile sources were the magjor contributor of benzo[a]pyrene emissons. The
decreasing number of older, more polluting vehicles, and the introduction of low and even zero emission
vehicles and clean fuds as part of Cdifornias Motor Vehicle Program has led to asignificant and
continuing reduction of POM emissions (including benzo[a]pyrene and other PAHS) from light-duty
vehides. Emissions from on-road mobile source diesdl exhaust PM o in Cdifornia are expected to
decline by approximately 50 percent from 1990 until about 2010 as a result of mobile source standards
and regulations adopted by the ARB through 1996 (ARB, 1998). However, the proportional
reductions in emissons per mile from heavy-duty (primarily diese powered) vehicles have so far been
less dramatic than those from gasoline-powered vehicles. This has focused attention on the role of
diesd exhaust as an important source of air pollutants, including both volatile and particulate POM,
especialy in metropolitan areas (SCAQMD, 2000). Stationary sources using diesd engines are dso
sgnificant sourcesin some areas. Additiond efforts to address this issue include the replacement of
diesd powered heavy and medium-duty vehicles with clean-fud dternatives (such asthose usng
methanol or compressed naturd gas), and the use of particle traps and other pollution reduction
technologies on new and exigting diesd engines. However, the impact of these changes has so far been
limited.

Polycyclic Organic Matter - 4



Prioritization of Toxic Air Contaminants - Children’s Environmental Health Protection Act
October, 2001

B. Stationary Sources

The primary stationary sources that have reported emissions of benzo[a]pyrene or other PAHsIn
Cdiforniaare paper mills, manufacturers of miscellaneous wood products, industrid machinery
manufacturers, petroleum refining and the wholesale trade in petroleum and petroleum products (ARB,
1997). Edtimated tota emissons of PAHs from stationary sources in Cdifornia are about 370,000
pounds per year, based on data reported under the Air Toxics “Hot Spots’ Program (AB 2588).
Table 1 ligsthe emissons of someindividud PAHSs. In addition there are approximatdy 2,600 pounds
of unspecified POM and 250,000 pounds of unspecified PAHs reported as emissions from Hot Spots
facilities. (ARB, 1997).

Tablel: California Emissonsfor Individual PAHS

Compound Emissions (pounds/year)
Acenagphthene 6
Acenaphthylene 27
Anthracene 285
Benzo[a] pyrene* 304
Benz] a]anthracene* 175
Benzo[ b]fluoranthene* 175
Benzo[k]fluoranthene* 181
Benzo[g,h,i]perylene 10
Chrysene* 275
Dibenz] a,h]anthracene* 211
Dibenz] a,e]pyrene* 3
Fluoranthene 23
Fluorene 32
Indeno[1,2,3-cd]pyrene* 204
Naphthdene 360,000
Phenanthrene 63
Pyrene 42

(Data from ARB, 1997)
* Chemicals for which PEFs are available (OEHHA, 1993)

OEHHA reviews risk assessments submitted under the Air Toxics “Hot Spots’ Program (AB 2588).
Of the risk assessments reviewed as of April 1996, PAHs were amgjor contributor to the overal
cancer risk in 43 of the gpproximately 550 risk assessments reporting atotal cancer risk equal to or
greater than 1 in 1 million, and contributed to the total cancer risk in 166 of these risk assessments.
PAHSs dso were the mgjor contributor to overal cancer risk in 8 of the gpproximately 130 risk
assessments reporting atotal cancer risk equal to or greater than 10 in 1 million, and contributed to the
total cancer risk in 54 of these risk assessments (OEHHA, 1996).
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C. Ambient Concentrations
Cdifornia Air Resources Board' s air toxics network monitors severa PAHs routingly. Table 2 gives
the network's mean concentration of various PAHs from January 1996 through December 1996 (ARB,
1998). The populationweighted annua ambient concentration of benzo[a]pyrene in Cdiforniawas
estimated as 0.53 ng/nT based on 1988 to 1989 monitoring data (ARB, 1997). There are no Air
Resources Board ambient measurements of ngphthalene. However, Atkinson (1995) measured 12
hour average ambient concentrations of ngphthaene in Redlands, Cdiforniain October 1994. The
levels observed ranged from 348 to 715 ng/nt. The overal mean concentration for POM from several
study areas throughout the United States during 1984-91 was 8.4 ng/nt (U.S. EPA, 1993).

Table 2: California Ambient Concentr ations of PAHS

PAH Compound Mean Concentration (ng/nt)
Benzo[a] pyrene 0.194
Benzo[ b]fluoranthene 0.245
Benzo[g,h,i]perylene 0.619
Benzo[Kk]fluoranthene 0.100
Dibenz] a,h]anthracene 0.031
Indeno[1,2,3-cd]pyrene 0.327

(Data from ARB, 1997)
D. Indoor Air

Benzo[a]pyrene and other POM components are significant as indoor air pollutants. According to two
large fidd studies conducted in Cdifornia, the mgor sources of indoor PAHS are tobacco smoking,
wood burning in fireplaces and wood stoves, and infiltration of polluted outdoor air (ARB, 1992;
Sheldon et al., 1993). The largest field study was conducted in northern Cdifornia, in which 13 PAHs
were measured inside 280 homes during the winter. Concurrent outdoor samples were collected at
each home for 24 hours. The homes were selected based upon the occupants  use of tobacco,
fireplaces, wood stoves, and gas heat. Table 3 lists the average indoor concentrations for some PAHS
for each type of combustion source.

Average indoor PAH leves ranged from about one-fourth to 6 times the average of outdoor levels.
When compared to concentrations inside homes with no obvious combustion sources (“no source’),
subgtantialy higher concentrations of al 13 PAHs were measured insde homes where smoking
occurred. In addition, wood burning in fireplaces and wood stoves appeared to cause dight to
moderate increases in indoor concentrations of benzo[a]anthracene, chrysene, benzofluoranthenes, and
benzo[a]pyrene. Investigators estimated that infiltration of polluted outdoor ar was also amgjor
contributor to indoor concentrations of PAHS, particularly outdoor air polluted by wood smoke
(Sheldon et al., 1993).
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Table 3: Average PAH Concentrationsin Northern California Homes (ng/nt)

PAH Compound(s)

Smoking Fireplace Woodstove | GasHeat No Source
Benzo[a]pyrene 2.2 1.0 1.2 041 0.83
Benzo[e]pyrene 11 0.49 0.55 0.25 0.42
Indeno[1,2,3- 2.8 1.7 1.9 0.92 1.4
cd]pyrene
Benzo[ghi]perylene | 2.0 14 15 0.78 1.3
Pyrene 4.1 2.0 2.5 1.6 1.8
Chrysene 2.0 0.56 0.61 0.24 04
Fuoranthene 4.5 1.9 2.3 1.4 1.6
Benzo[a]anthracene | 1.3 0.43 0.55 0.17 0.32
Benzofluoranthenes | 3.7 1.6 2.0 0.81 1.5

(Data from Sheldon et al., 1993)

Ancther fidd study measured 12 PAH compounds insde 125 southern California homes during a
relatively warm fal season. At each home, two consecutive 12-hour samples were collected.

Concurrent samples were also collected outside 65 of those homes. Average indoor PAH
concentrations ranged from about one-haf to two times the corresponding outdoor levels. Table 4
shows average concentrations (combined daytime/nighttime) for some PAHs. Levels of most PAHS
were sgnificantly higher in homes where smoking occurred than in nonsmokers homes. Asin the
northern Cdifornia study, investigators estimated thet infiltration of polluted outdoor air was amagjor
source of PAHs indoors (ARB, 1992).

Table 4: Average PAH Concentrationsin Southern California Homes (ng/m?)

PAH Compound(s) Indoor Average Outdoor Average
Benzo[a]pyrene 0.70 0.30
Benzo[e]pyrene 0.39 0.28

Indeno[ghi] perylene 11 0.51
Benzo[ghi]perylene 24 1.0

Pyrene 2.8 2.2

Chrysene 0.30 0.39

Fluoranthene 2.2 2.5
Benzo[a]anthracene 0.16 0.18

(Data from ARB, 1992)
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E. Exposuresto Children

There is evidence that children are more heavily exposed to PAHs than adults (on a body-weight
adjusted basis), and thus may suffer disproportionately from their impact, whether or not they are more
susceptible to PAH toxicity. Thisisaresult of the body sze and activity patterns of children, higher
breathing rates (on a body weight adjusted basi's, especidly for infants), and their propendty for greater
dust and soil contact than adults. In particular, children in low-income families may have high exposures
to PAHs. Such exposures could result from household proximity to heavy traffic or industrial sources,
environmenta tobacco smoke, contaminated house dust or soil, among others.

A series of studies (Chuang et al., 1999) in Durham, NC and adjacent rura areas were conducted to
edimate tota PAH exposure of children in low-income families, and the relaive importance of the
environmenta pathways for PAH exposure (Table 5).

Table5: Potential daily dose of carcinogenic (US EPA B2) PAHs

(ng/kg b.w./day)
Pathway Average SD. Minimum Maximum
Adults
Inhaation 1.77 3.29 0.12 15.3
Non-diet ingestion 1.28 0.91 0.38 4.24
Diet 16.3 16.7 1.61 60.9
Total 19.4 16.8 412 62.0
Children
Inhalaion 3.93 4.88 0.37 19.6
Non-diet ingestion 8.88 6.21 2.62 29.2
Diet 24.8 23.7 1.35 97.0
Tota 37.6 23.7 12.2 107

(Data from Chuang et al., 1999)

Higher indoor PAH levels were observed in the smokers homes compared to nonsmokers homes.
Higher outdoor PAH levels were found in the inner city versusrura aress. Airborne PAHSs deposit on
s0il and household surfaces, thus contributing to PAH exposures from dugt (viaingestion, and inhdation
of re-suspended dust) and food. The relative concentration trend for PAH in dust and soil was. house
dust > entryway dust > pathway soil. The PAH concentrations were generdly higher in adults than in
children'sfood samples. Children's potentid daily doses of PAH were higher than those of adultsin the
same household, when intakes were normalized to body weights. Inhaation is an important pathway for
children's exposure to total PAH because of the high levels of naphthaene present in both indoor and
outdoor air. Ingestion pathways became more important for children's exposure to the subset of PAHSs
ranked as B2 (probable human carcinogens) by the U.S. EPA (see Section V.C.), most of which are of
low volatility. These PAHs areincluded in our proposed listing. The analysis of variance resuts
showed that inner city participants had higher tota exposure to B2 PAHs than did rurd participants.
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Such differences between children and adults may be even more noticegble in highly contaminated
environments. A monitoring program (Ptashekas et al., 1996) which included benzo[a]pyrene was
carried out in two Lithuanian cities, Vilnius, the capitd of the country, and Saulia during 1991 to 1995.
Higher amounts of benzo[a] pyrene were found in the urine of children compared to adults, in both the
control and high-risk zones. Both this and the previous study indicate that environmenta PAH
exposures of children result in higher body burdens than for adults in the same environments.

Crawford et al. (1994) examined biomarkers of environmenta tobacco smoke in preschool children
and their mothers. There were increases in the biologicaly effective dose of the carcinogenic (PAH)
components of ETS in children exposed to ETS, as assessed by levels of PAH-abumin adducts. Tang
et al. (1999) confirmed these findingsin further sudies of molecular and genetic damage from
environmenta tobacco smoke in young children, and found not only increasesin protein adducts with
PAHSs and 4-aminobiphenyl, but dso of sgter-chromatid exchanges in peripherd lymphocytes of
Hispanic and Africant American children with home exposure to environmenta tobacco smoke. Thus
children exposed to ETS show increases not only in genera tobacco-related biomarkers such as
cotinine, but in biomarkers specific for PAHs and in genetic damage.

Airborne PAHs may contribute to exposure of children by non-inhalation routes. For example, breast
milk isaroute of exposure in infancy. Few studies of PAH occurrence in breast milk have been carried
out, but Somogyi and Beck (1993) described a study conducted in the Federa Republic of Germany
that found a number of sngle PAH compounds at concentrations of 5-15 ng/kg milk and, among these,
benzo[a]pyrene, was detected at a concentration of 6.5 ng/kg. Thisis congstent with the findings of
West and Horton (1976), who observed transfer of polycyclic hydrocarbons from the diet to milk in
rats, rabbits, and sheep. Interestingly, thiswas more extengve in the rat (an omnivore like humans) than
in the herbivorous rabbit and sheep. Lavoie et al. (1987) dso observed transfer of benzo[a]pyrene and
two tobacco- specific carcinogens into the milk of lactating rats.

F. Exposuresin utero

Exposure of the fetus to airborne PAHS can occur via transplacental transfer from the mother. This
contributes to the body burden of PAH and PAH-DNA adductsin the child. A study (Klopov, 1998)
of pregnant women in the Russian Arctic region found substantid materna exposure to PAHS, and
detected PAHs in most samples of cord blood and placentaanayzed. The results support the barrier
role of the placenta, because levels of many PAH compoundsin cord blood were lower thanin
materna blood. Nevertheless, these compounds were passing through the placenta barrier, at least
partialy, with the concentrations of some PAHs (anthracene and benzo[€]pyrene) higher in cord blood
than in maternd blood. Autrup et al. (1995) and Autrup and Vestergaard (1996) measured the
polycydic aromatic hydrocarbon-abumin adduct leve in serum isolated from the mother and the
umbilica cord. The median maternd/fetad adduct ratio was gpproximeatdy 1.3 (maternd blood/umbilical
cord blood) and a positive association between the adduct levels in the mother and umbilical cord blood
was observed.
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These observations are consgstent with the observation of PAH compounds and their metabolitesin the
fetus after maternd exposure in experimenta anima studies (Withey et al., 1993, Withey et al., 1992;
Kdman and Springer, 1982; Kihlstrom, 1986). Howard et al. (1995) showed that 1-nitropyrene was
transported both across the placenta and into milk in mice following ord or intraperitoneal dosing.
0.7% of the administered dose crossed the placenta as 1-nitropyrene and/or its metabolites, and
accumulated in the fetuses and amniatic fluid, with both C-oxidized and nitro-reduced metabolites being
detected.

Everson et al. (1986) reported detection of smoking-related covalent DNA adductsin human placenta.
Weston et al. (1989) isolated PAH-DNA adducts specificdly identified asr-7,t-8,t-9,c-10-
tetrahydroxy-7,8,9,10-tetrahydroBaP resdues from human placenta. Arnould et al. (1997) also
reported detection of benzo[a]pyrene-DNA adducts in human placenta and umbilica cord blood.
Determination of tobacco consumption by urinary cotinine established that among smokers, adducts
were found in 13 placenta specimens (from 10 to 60 fmol/50 mg DNA) and 12 umbilical cord blood
samples (from 10 to 22.15 fmol/50 ng DNA). Thus a mother's tobacco consumption is linked to the
accumulation of benzo[a]pyrene-DNA adductsin the placentaand cord blood. These adducts are seen
in smaler quantities in the umbilical cord blood, probably because of the metabolic capacity of the
placenta which impacts trandfer of benzo[a]pyrene from the mother to the fetus.

Zenzes et al. (1999) investigated whether benzo[a]pyrene diol epoxide-DNA adducts are detectable in
pre-implantation embryos, and studied their relationship to parental smoking. Seventeen couples were
classfied by their smoking habits: (i) both smokers; (i) wife non-smoker, husband smoker; and (iii) both
non-smokers. Their 27 embryos were exposed to amonoclona antibody that recognizes
benzo[a]pyrene diol epoxide-DNA adducts. The proportion of stained blastomeres was higher for
embryos of smokers than for non-smokers (0.723 versus 0.310). The mean intensity score was dso
higher for embryos of smokers (1.40+0.28) than for non-smokers (0.38+0.14; P = 0.015), but was
amilar for both types of smoking couples. The mean intensity score was postively correlated with the
number of cigarettes smoked by fathers (P = 0.02). Increased mean immunostaining in embryos from
smokers, relaive to non-smokers, indicated a relationship with parentd smoking. The smilar levels of
immunogtaining in embryos from both types of smoking couples suggest that transmission of modified
DNA ismainly through spermatozoa. Paternd transmission of modified DNA was confirmed by
detection of benzo[a]pyrene diol epoxide-DNA adductsin spermatozoa of a smoker father and his
embryo.

Theresults of Whyett et al. (1998) indicate that PAH-induced DNA damage in mothers and newborns
isincreased by ambient air pollution. These investigators measured PAH-DNA adducts in materna and
umbilical white blood cells of 70 mothers and newborns from Krakow, Poland. The modulation of
DNA adduct levels by genotypes previoudy linked to risk of lung cancer was aso investigated. There
was a dose-rated increase in maternd and newborn adduct levels with ambient ar pollution at the
women's place of resdence among subjects who were not employed away from home (p=0.05).
Maternal smoking (active and passive) sgnificantly increased maternal (p<0.01), but not newborn
adduct levels. Neither the CYPIAI Mspl nor the GSTM 1 polymorphism was associated with materna
adducts. However, adducts were significantly higher in newborns heterozygous or homozygous for the
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CYP1A1 Mspl RFLP compared to newborns without the RFLP (p=0.04). In the fetus, DNA damage
appears to be enhanced by the CYP1A1 Mspl polymorphism. A novel feature of this study was the
measurement of PAH-DNA adduct levelsin white blood cells of mother-newborn pairs. Transplacenta
exposures to PAHs are generdly an order of magnitude lower than maternd exposure. The finding that
levels of adducts in newborns were smilar to those in mothers (in spite of the protective effects of
metabolism by materna and placental enzymes) suggests an enhanced susceptibility to DNA damagein
afetus compared to the mother.

In aseparate andyss, Whyatt et al. (1998) determined PAH-DNA adduct levels in mother-new born
pairs from Limanowa, arurd areaoutsde Krakow where ambient pollution levels are lower but where
home use of cod for heating is Sgnificantly greater. Among the 67 pairs andyzed, mean adduct levelsin
the newborns sgnificantly exceeded those in the mothers. This suggests that adduct formation and the
resulting DNA damage caused by maternd exposure to PAHs could be amplified in the fetus.

V. Potential for Differential Effects

A. Summary of Key Human Studies
a) Carcinogenicity

Systematic sudies addressing the relative sengtivity of infants and children to carcinogenesis by PAHsS
were not identified in the scientific literature. However, thereis an enormous literature on the
carcinogenicity of polycyclic hydrocarbons, and various mixtures containing them that may be
encountered in the workplace or the general environment. Indeed, the observations of Pott (1775) on
scrotal cancer in chimney sweeps (who were mostly children, and were exposed to soot from cod fires,
arich source of PAHs and other POM) are generally regarded as the first objective account of chemical
carcinogenesis in humans.,

b) Developmental Toxicity

Developmentd toxicity has been identified as a process having impacts on children’s hedlth, asnoted in
the introductory chapter of thisreport. PAH effects reported in animas have included obvious
anatomical abnormalities (see Section IV.B.b.1), but perhaps because of the less extreme exposures of
humansin polluted environments compared to the animal toxicity experiments, these have not been
clearly associated with human PAH exposures. However, more subtle changes such as morphometric
abnormdities indicative of developmentd delay, and intrauterine growth retardation (IUGR) leading to
low birth weight infants have been reported both for populations living in polluted environments, and for
mothers who smoke or are exposed to secondhand tobacco smoke. Recent studies of these effects are
described below. While these exposures involve complex mixtures with many toxic components, the
detailed associations shown, the finding of chemica-specific DNA adducts in affected offspring (see
Section V.A) and the concordance with animal effectsimplicate PAHSs as important causative toxicants
for these effects. Low birth weight and developmenta delay are associated with adverse experience of
morbidity and mortdity in childhood (and aso with adverse hedth impacts later in life), soit is of
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particular concern that well-documented reports of IUGR in humans exposed to PAH-polluted air have
appeared.

Pereraet al. (1998) studied developmentd effects of feta exposure to PAHs viaambient pollution.
The study was carried out in an indudtridized area of Poland with rlaively high levels of PAH pollution
from coa burning. PAH-DNA adducts in leukocytes and plasma cotinine were measured in umbilica
cord blood, as dosimeters of transplacental PAH and cigarette smoke, respectively. The study subjects
were 70 newborns from the industridized city of Krakow and 90 newborns from Limanowa, arurd
town with far greater use of cod for home heating. Newborns whose levels of PAH-DNA adducts
were above the median (3.85/10° nudeotides) had a ignificantly decreased birth weight, birth length,
and head circumference (Table 6). Catinine was aso sgnificantly inversdly associated with birth weight
and length.

Table 6: Birth outcomesin Polish Newbor ns.

Birth Weight (g) Birth Length (cm) Head Circumference

(cm)
Group Difference | Pvalue Difference | Pvalue Difference | P value
Krakow - 205 0.11 -1.8 0.02 * -0.9 005 *
Limanowa | -129 0.16 -0.8 0.17 -1.2 0.0004 *
All -147 0.05* -1.1 0.02 * -0.9 0.0005 *

(Data from Perera et al., 1998)
Difference between those with high (above median) and low (below median) leukocyte levels of PAH-DNA adducts.

Dgmek et al. (2000) found that exposure to carcinogenic PAHs in air pollution during early pregnancy
was associated with an increased adjusted odds ratio for low birth weight (“intrauterine growth
retardation” - IUGR). Birth outcomes were studied over afour-year period in two towns in Bohemia
(Czech Republic): Teplice (1100 births/yr) and Prachatice (450 births/year). Tepliceislocated in an
indudtridized area with surface mining of brown cod, chemica industry and large cod-fired power
plants, in this areathe level of generd air pollution, including both particulate materid (PM) and PAHS,
ishigh. Prachatice on the other hand is located in amore rura and mountainous area without magjor
indudrid activity, and the generd leve of pollution (including PM) is much lower inthisarea. However,
there isa single large point source of PAH emissonsin thetown. At both locations, levels of ar
pollution by PM and PAHSs varied seasondly and over the duration of the study. Air pollution levels
were measured continuoudy at both locations. Seven specific PAHs identified by IARC as potentialy
carcinogenic to humans (c-PAHs: chrysene, benz a]anthracene, benzo[b]fluoranthene,
benzo[k]fluoranthene, benzo[a]pyrene, dibenz| a,h]anthracene, indeno[1,2,3-c¢,d]pyrene) were
measured. These PAHs are identified as carcinogenic in our TAC identification document (OEHHA,
1993).

IUGR was defined as birth weight below the 10" percentile, by sex and gestational week, in the general
Czech population. Of 3,349 pregnancies a Teplice, 322 (9.6%) exhibited IUGR. At Prachatice, 124
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(8.2%) of 1505 pregnancies were affected. (The study cohorts were limited to full-term pregnancies of
mothers of European origin). When births were categorized according to the exposures to PM 1o, PM3 5
and PAH, there was a Sgnificant association with exposure to air pollution, specificdly to the
carcinogenic PAHSs. In Teplice the PAH and PM leves are highly correlated so the effects of these two
pollutants could not be distinguished at thisSte done. However, a Prachatice there is much less
particulate pollution relative to the amount of PAH, and by comparing results at both Stes it was
concluded that the effect was associated with the PAH content of the pollution, not the PM(10 or 2.5).
Results relating incidence of IUGR to pollution experienced in the first gestationa month are presented
in Table 7 as adjusted odds ratios (AOR) for the medium and high exposure categories, relative to the
low exposure category. These adjusted odds ratios were caculated using alogistic regresson modd in
which adjustments were gpplied for the identified confounding variables: parity, maternd age and height,
pre-pregnancy weight, education, maritd status, month specific maternal smoking, season, seasona and
long-term conception rate effects, and year of study.

The association between exposure to PAH and incidence of ITUGR was only significant when exposure
during the first month of gestation was considered (AOR for medium exposure = 1.63, 95% CI 0.87 -
3.06, p < 0.13; AOR for high exposure = 2.39, 95% Cl 1.01 — 5.65, p < 0.045). Exposure at other
times had no consistent effect, athough a possible weak association with exposure during the eighth
month was noted in Teplice only. This was interpreted as indicating that the induction of IUGR by PAH
exposure resulted from an early developmentd effect: thisis consstent with other data suggesting that
IUGR results from specific impairments of placental development soon after implantation (Zhang et d.,
1995). Trendsof IUGR vs. PAH exposure during the first month of exposure were highly significant in
Teplice; each 10 ng increase in PAH exposure levd resulted in an increasein AOR of 1.22 (95% Cl
1.07 —1.39, p< 0.004). A smilar trend was observed in Prachatice, dthough it did not achieve
datidicd sgnificance by thisandyss.

The presence of other materids besides POM in air pollution and cigarette smoke makes it difficult to
definitively state the impact of PAHs on birth weight and development. However, there was specific
correlation of these outcomes with PAH-DNA adducts. Thereis extensive evidence from other sudies
showing PAH-DNA adducts in humans exposed to air pollution or cigarette smoke; and there are
anima studies where developmenta delay and low birth weight are seen after exposure to pure PAHS.
This evidence makes a causd relationship between low birth weight and developmental changes and
exposure to PAHs highly plausible.

c) Acute Toxicity in Children

Hemolysis has been reported in infants exposed to very high doses of ngphthalene (Siegd and Wason,
1986). The effect appears to be caused by the metabolites (1- and 2- naphthol and naphthoquinones),
which produce methemoglobinemia. This mode of action implies apotentid for differentid sengtivity of
infants, due to their reduced capacity for methemoglobin reduction compared to adults. However, even
in infants the doses required to produce this effect are much greeter than could plausibly result from
arborne levels of naphthalene; the case reports generaly involved absorption by the dermal or ord
routes. Zinkharn and Childs (1958) reported examining an infant exhibiting acute hemolytic anemia thet
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was only exposed during gestation. His mother had inhded and ingested mothballs containing
naphtha ene during pregnancy (especidly during the last trimester). However, it was not possible to
provide an estimated infant exposure.

Table7: Adjusted Odds Ratios of Intrauterine Growth Retardation by c-PAHsand PM 1 in
thefirst gestational month in Teplice and Prachatice.

Pollutant | Specification | District Medium 2 High @
AOR’ | 95% ClI AOR’ | 95% ClI
PM1o — Teplice | 1.44 | (1.03-2.02) | 2.14 |(1.42-3.23)
— Prachatice | 2.11 | (1.03-4.33) | 1.09 | (0.49-2.46)
c-PAHs | — Teplice | 159 | (1.06-2.39) | 215 | (127-3.63)
— Prachatice | 1.49 | (0.81-2.73) | 1.26 | (0.60-2.63)
<7.5km Prachatice | 1.89 | (0.56-6.29) | 2.44 | (0.60-9.83)
(n=551) ©
Lower cut- | Prachatice | 1.63 | (0.87-3.06) | 2.39 | (1.01-5.65)
offs®

Data from Dgjmek et al. (2000)

a  Cutoffsfor PMo: Low= < 40 pg/nt, Medium = 40 to < 50 pg/n?, and High = >50 pg/n7.
Cutoffs for Carcinogenic PAHs (c-PAHSs): Low = < 15 ng/n?, Medium = 15 to < 30 ng/nt, and High = >30 ng/n.

b. Medium to Low and High to Low, adjusted for parity, maternal age and height, pre-pregnancy weight, education,
marital status, month-specific maternal smoking, season, seasonal and long-term conception rate effects, and
year of the study.

c.  Only mothersliving up to 7 km from the monitor station in Prachatice region.

d. c-PAHs Low =<2ng/n?; Medium = 2to < 20 ng/nT ; High = >20 ng/n? .

B. Summary of Key Animal Studies
a) Carcinogenicity

The carcinogenicity of PAHs and other POM constituents in animalsiswell known; the literature, which
isvery extensve, has been evaluated by IARC (1987, 1989). It isgenerdly considered both on
theoretical grounds and as aresult of experimenta evidence that exposures to carcinogens early in life
may result in higher tumor yields. Shorter average times to tumor, and awider range of senditive Sites,
have aso been reported following early in life exposures in some experiments. As discussed in the
introduction to this report, there is concern thet children may suffer adverse health consequences
including enhanced rates of cancer from exposure to any carcinogen, due to the increased senditivity in
utero and exly inlife. Thereis particular concern where specific evidence of enhanced sengtivity at
younger ages exigts for the specific compound or class of compounds considered.

Although in the standard rodent bioassay protocol exposure begins at the young adult stage, neonatd or
young rodents have often been used in carcinogenesis bioassays, including the early carcinogenesis
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sudiesby Inneset al. (1969). It has generdly been supposed that Sarting exposure at an early age
would maximize the sengitivity of the assay, and this has been observed in practice (Vessdinovitch et
al., 1979). In some cases, such asthe widdly used neonatd Strain A mouse lung adenoma assay
(Stoner et al., 1984), the combination of neonatal exposure, a highly sengtive strain and sdlective
endpoint definition has been used to produce aresult in amatter of weeks. This contrasts with the two
years usualy required for abioassay using the slandard NTP protocol.

Vessdinovitch et al. (1975) sudied the carcinogenicity of benzo[a]pyrene in two hybrid strains of mice
exposed by asingle intrgperitoned injection at 1, 15 or 42 daysold. Tumorswere observed a severd
stes, and the relationship between tumor incidence and age a exposure varied from steto site. Inthe
case of liver and lung tumors, young mice were more sendtive than older mice, showing both higher
tumor incidence and shorter time before gppearance of tumors. Incidence of tumors was generdly
higher for liver and lung tumors than for other Sites.

The strains used were C57BL/6J x C3HeB/Fel F; (“*B6C3F,") and C3HeB/Felx A/JF; (“C3AF,");
treated group sizes varied from 30 to 62 animals whereas control groups contained 98 to 100 animals.
Doses of 75 or 150 ng benzo[a]pyrene were dissolved in trioctanoin. Control animals had low
mortdity; controls included two groups, in one of which survivors were necropsied at age 90 weeks and
in the other survivors were necropsed at age 142 weeks.  Incidences of al tumorsin controls were
low, except for lung tumorsin the C3AF; mice (Males: 49/97 at 90 weeks; 60/100 at 142 weeks.
Females: 26/100 at 90 weeks, 50/100 at 142 weeks). Treated animals were examined regularly for
tumors throughout life; mortdity immediately after dosing was virtudly zero, but later surviva was
impacted by the appearance of lethal tumors.

Results are presented in Table 8. For liver tumors in both strains, the incidence was greater, and the
average age of tumor gppearance was lower, in animastreated a 1 day than at 15 days. Thistrend
continued when comparing those treeted at 42 days. The authors judged these differencesto be
sgnificant (P < 0.01) using the c? test for incidence comparisons and Student’ s t-test for comparing
averages a which tumors were detected at autopsy. Similar trends were observed for lung tumors,
athough the high background incidence of this tumor in the C3AF; mice reduced the extent and
datidicd sgnificance of the differences.

Lavoieet al. (1994) examined the tumorigenic activity of fluoranthene, 2-methylfluoranthene and 3-
methylfluoranthene in newborn CD-1 mice. All three compounds were assayed at intraperitoneal doses
of 3.46 and 17.3 umoal, given during the course of three injections on days 1, 8 and 15 after birth.
Effective group sizes were between 16 and 34 (dive at 1 year: surviva was about 50%). The bioassay
was terminated when mice were 1 year old. Fluoranthene, a compound of interest as an air pollutant, is
inactive as an initiator in the skin-painting assay (with phorbol ester promotion) in the adult mouse,
which is often regarded as a particularly sendtive assay for the carcinogenic activity of PAHs. Among
the five isomers of methylfluoranthene, only 2-methylfluoranthene (2-MeFA) and 3-methylfluoranthene
(3-MeFA) are active as tumor initiators on adult mouse skin. But fluoranthene and 2-MeFA induced
lung tumors in both male and femae neonata mice (Table 9).
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Table 8: Incidence of lung and liver tumorsin micetreated with benzo[a]pyrene at various ages
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Liver tumors Lung tumors

Dose: 75mg/kg 150 mg/kg 75mg/kg 150 mg/kg
Strain/ Agewhen| % Timeto | % Timeto | % Timeto | Multi- % Timeto | Multi-
Sex dosed® |tumors® |tumor® | tumors® | tumor ® | tumors® |tumor © | plicity® | tumors® | tumor ¢ | plicity ¢

(days) (weeks) (weeks) (weeks) (weeks)
B6C3F;
Maes 1 55 86 81 81 43 103 3 59 84 4

15 60 93 58 81 25 103 2 36 82 2

42 13 108 9 87 36 119 2 38 95 2
Femdes |1 7 129 18 121 49 126 3 62 112 4

15 7 116 7 90 33 122 2 40 101 3

42 0 0 26 131 2 17 118 3
C3AF;
Mades 1 34 80 46 69 93 78 6 92 70 8

15 27 90 23 77 93 87 5 94 75 6

42 0 3 79 93 91 5 87 85 6
Femdes |1 2 91 2 70 93 82 7 93 73 7

15 2 102 2 62 94 98 5 91 79 6

42 0 0 87 93 5 90 83 6

(Data from Vesselinovitch et al., 1975)
a. Age (indays) a which animds recaived i.p. injections of BP at the Sated dose levd, dissolved in trioctanoin.
b. Number of mice bearing liver or lung tumors/ effective number exposed, expressed as a percentage.
c. Average age (in weeks) at which tumors were observed.

d. Average number of grosdy visble lung tumors per whole lung.
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Table 9: Carcinogenicity of fluoranthenesin neonatal mice.

Compound Dose Newborn Mouse Adult mouse
Sex | Lung Tumors% | Liver Tumors % | results(skin
bioassays)
Fluoranthene | 17.3mmal | F 86* ** 7 -ve
M 65** 100***
346 mmal | F 35* 0
M 43* 6 4* **
2-Methyl 17.3mmol | F 69* * * 31*** +ve
Huoranthene M Op* ** Q% **
346 mma | F 18 3
M 16 45*
3- Methyl 17.3mmol | F 21 11* +ve
Fuoranthene M 19 69* **
346 mmal | F 15 0
M 25 33
DMSO 17.3mmol | F 12 6
Control M 17 17

(Data fromLaVoie et al., 1994)
P. *** <0.001, ** <0.005, *<0.05

Fluoranthene, 2-MeFA and 3-MeFA when administered to newborn mice adso induced a significant
incidence of liver tumors among mae mice, dthough only 2-MeFA was tumorigenic in the liver of
femademice

Thefindingsin this study are typical of those obtained in neonata rodent experiments, in that tumors
gppeared after ardatively short latency, at multiple Sites. Asin the case of other smilar bioassays using
the neonatal mouse modd, it is notable that a high yield (up to 100% for some compound, site and sex
combinationsin the high-dose groups of this experiment) is obtained after only three injections early in
life, with avery smdl totd dose. While the testing of these compoundsin adultsis inadequate, the
limited data available suggest that the carcinogenic response in adults is not so strong. In adult
bioassays, dosing even with potent carcinogens must usudly be continuous or repeated for severa
months, or else continued doses of promoters gpplied (asin the case of the skin studies reported for
these fluoranthenes), before a gatisticaly sgnificant incidence of tumorsisobserved. Lavoieet d.
(1994) aso commented, in comparing the results of this study with those of earlier Smilar experiments,
that athough a subgstantid tumor yield was obtained with sudies which were terminated earlier, this
experiment showed increased gppearance of tumors due to the continuation of the sudy into mid-life (1
year old). They aso noted an gpparent increase in the grade of the lesons (carcinomas vs. adenomas)
in the longer experiment, which supports the concept that the lesons observed in the adult mice after
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neonatd exposure are the result of progression of lesions created, but not necessarily evident, in infancy,
soon after the exposure.

Another bioassay, reported by Imaida et d. (1995), illustrates atypicd experimental design where the
bioassay is sarted with neonatal rodents to maximize the sengtivity and shorten the duration of the
experiment. Thiswas performed with 1-nitropyrene, and 1,3-, 1,6- and 1,8-dinitropyrene; except for
1,3-dinitropyrene, these PAH derivatives have established cancer potency equivaency factors
(OEHHA 1993; OEHHA, 1999). (In other experiments reported in the same paper, the effects of 4-
nitropyrene, and phenolic metabolites of 1-nitropyrene were also described.) Newborn femae CD rats
received subcutaneous injections of 1-nitropyrene or dinitropyrenes a 8 weekly intervals sarting on the
day of birth (totd dose =6.3 mmol). Controls received injections of the solvent, dimethyl sulfoxide,
only. Theratswerekilled a 67 weeks. Asshown in Table 10, the dinitropyrenes induced maignant
fibrous histiocytoma (MFH) at the Site of injection. 1,6- and 1,8-dinitropyrene produced 100%
incidences of this tumor, and aso induced leukemiawith incidences of around 20%. 1-nitropyrene
induced a 33% incidence of mammary tumors.

Table 10: Induction by 1-NP and dinitropyrenes of MFH, mammary tumorsand leukemiain
newborn female CD rats by s.c. injection

Compound® | Effective | No. of Average | No. of rats| Average | No. of Average
no. of ratswith | MFH with mammary | ratswith | survival
rats MFH induction | mammary | tumor leukemia | period

(%) period (d) | tumors induction | (%) (d)
(%) period (d)

1-NP 49 0 - 16 (33)° | 441 0 481

1,3-DNP 43 5(12° | 247 9 (21) 472 0 468

1,6-DNP 46 46 (100)? | 115 5(11) 150 9 (20)° 149

1,8-DNP | 37 37 (100)° | 122 5 (14) 143 8 (22)° 164

DMSO 40 0 - 8 (20) 450 0 495°

(Data fromImaida et al., 1995)

a Theanimalsreceived eight s.c. injections with nitropyrenes, at weekly intervals starting on the day of birth (total
dose = 6.3 nmol). Theratswerekilled at 67 weeks.

p <0.05 as compared to the solvent control.

p <0.005.

p <0.0001.

One animal had a carcinoma of the Zymbal gland.

D QO T

MFH = malignant fibrous histiocytoma NP = nitropyrenes DNP =dinitropyrene DM SO = dimethyl sulfoxide.

In &l cases the average time to tumor was short compared to a standard two-year bioassay, in which
tumors are usually observed mostly towards the end of the experiment. Thiswas particularly notable for
1,6- and 1,8-dinitropyrene, where the average time to tumor for both the MFH and the leukemiawas
between 100 and 150 days. (The leukemias were either fatd or, if incidental, observed at necropsy, o
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the average survivd time istaken astimeto tumor inthiscase) Widocki et d. (1986) obtained smilar
results with regard to induction of lung tumorsin neonatad mice for anumber of nitroaromatics, including
nitropyrenes. The total doses used were somewhat |ower, but smaler incidences of tumors were
observed. Also, the neonatal mouse lung adenoma bioassay is generaly considered to be an even more
sengitive test system than the neonatd rats used by Imaidaet d. (1995). The experiments by Widocki
et al. (1986) were used by OEHHA (1993) in cdculating potency equivaence factors for some
nitropyrenes.

Since these PAH derivatives induce leukemia, a cancer to which children are known to be particularly
susceptible, there may be further cause for anticipating a differentid impact of these pollutants on
children, dthough it is not known how, or if, these agents may interact with other causes of childhood
leukemia. The possble differentid impact of leukemogenic agents on infants and children is discussed in
the introductory section of this report.

b) Developmental Toxicity
(1) Teratogenesis

Asnoted in the discussion of developmentd toxicity in the introduction to this report, the induction of
either anatomica or functiona terataiis conddered an effect having an adverse effect on the hedth of
infants and children. Similarly, where such effects are noted in animd experiments, this is supporting
evidence of the potentia for impacts on the hedlth of infants and children. Postnatd mortdity is clearly
an effect within these terms of reference, but fetal mortdity (usudly identified as resorptionsin animd
experiments) isnot. However, the occurrence of pre-natal mortaity should be noted as an indicator of
fetotoxicity, Snce many fetotoxins (including PAHS, as described below) produce a spectrum of effects.
These include anatomica and functiona teratogenesis, prenata mortdity, perinatd mortdity (dillbirth),
postnata mortality, growth retardation and developmenta delay. The combination of these outcomes
observed in a particular experiment may depend on dose level and timing, test species used, and other
experimenta conditions,

Intraperitoneal benzo[a]pyrene, at doses between 50 and 300 mg 1 mg/kg body weight given at day 7
or 10 of gestation, causesin utero toxicity and teratogenicity in mice (Shumet al., 1979). A reduction
in the number of surviving offspring (resulting both from resorptions and gtillbirths) was observed in dl
cases. The severity of the effect was corrdated with the ability of the fetus and materna systemsto
metabolize benzo[a]pyrene, which isinfluenced by induction of aryl hydrocarbon hydroxylase (AHH).
Mice (and other mammals) are described as geneticdly "responsve’” when AHH activity isinduced by
exposure to PAHs and other activators of the Ah receptor. A greater impact on pre-and post-nata
mortality was observed in C57BL/6 mice which are respongve to AHH induction than in non
responsive AKR inbred mice. Maformations were noted in the responsive mice only; these included
club foot, hemangioendothelioma, cleft paate and various other anomalies of the skeleton and soft
tissues. Representative results from this sudy are shown in Table 11.
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Table 11: Impact of benzo[a]pyrene treatment on fetal and newborn survival and
malfor mationsin responsive and non-responsive mice.

Dosed on # #Implant- | # # # %
Gestation Strain | Litters | ations Stillborn | Resorptions | Malformed | all
Day effects
7 B6 7 48 2 19 17 79
AK 6 43 0 9 0 21
10 B6 10 62 0 11 18 47
AK 11 78 1 8 0 12
12 B6 7 47 1 20 3 51
AK 5 45 0 6 0 13
Control B6 31 187 2 33 0 19
AK 12 107 0 6 0 6.5

(Data from Shumet al., 1979)

B6 = C57BL/6 mice, respongve to AHH induction.
AK = AKR mice, nonresponsve to AHH induction.
Dose given was 200 mg/kg benzo[a]pyrenei.p

With the use of AKR x (C57BL/6) (AKR)F; and (C57BL/6) (AKR)F; x AKR backcrosses, it was
shown that dldlic differences a the Ah locus in the fetus could be correlated with dysmorphogeness. I
the mother is non-responsive (AhYAh), the Ah®/Ah? genotype in the fetus is associated with more
dtillborns, and resorptions, decreased fetd weight, increased congenital anomdies, and enhanced P;-
450-mediated covaent binding of BP metabalites to fetal protein and DNA, when compared with the
Ah%/Anh? genotype in the fetus from the same uterus. If the mother is responsive (Ah®/AnhY), however,
none of these parameters can be distinguished between Ah®/Ah® and Ah%/Ah? individuds in the same
uterus, presumably because enhanced BP metabolism in maternd tissues and placenta cancels out these
differences between individua fetuses.

Other investigators have aso shown teratogenesis as aresult of exposure in utero to PAHS, including
mixed materids such as are often encountered as environmental contaminants. Feuston and Mackerer
(1996) adminigtered clarified durry oil (CSO), arefinery stream produced by processing crude ail, to
pregnant Sprague-Dawley rats on gestation days [GD] 9-12, viadermd application, at doses of 0, 10,
100, and 1000 mg/kg. Maternal toxicity was evident in the dams exposed to CSO, but clear evidence
of developmenta toxicity was observed at 1000 mg/kg. The effects seen included increased
embryolethdity, decreased body weight, and anomal ous development (cleft paate, brachydactyly,
edema). A low incidence of abnormal fetal development was observed at 100 mg/kg. Threeto seven
ring polycyclic aromatic compounds are present in CSO, and the authors considered that these PAHS
were responsible for the developmentd toxicity.

McKee et al. (1987ab) reported reproductive and subchronic toxicity studies of liquids derived from
liquefaction of cod. These materias were of interest as a potentia nove route to liquid fuels, but the
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products contain a number of polycyclic aromatic hydrocarbons, which are concentrated in the high-
bailing fractions of the cod-derived liquids. Following treetment of pregnant  Sprague-Dawley rats
with 0.02, 0.1, 0.5 or 1 g/kg of cod-derived fud ail or recycle solvent, Sgnificant fetd growth
retardation was observed, aswell astheinduction of asmal number of diverse skeletal and viscerd
terata. Results of an experiment with “EDS recycle solvent”, a PAH-containing fraction from the cod
liquefaction process, are shown in Table 12; sgnificant reductions in number, crown-rump length and
weight of fetuses were observed at 0.5 and 1.0 g/kg.

Table 12: Fetal measurements following exposurein utero to EDS recycle solvent

M easur ement? Dosage group
Control Low (0.1 g/kg) | Mid (0.5 g/kg) High (1.0 gkg)
Number of maefetuses/ | 5.96 £ 2.05 579+ 1.69 3.96* + 2.37 0.13** £ 0.46
litter (49 (24) (25) (23
Number of femdefetuses | 5.61 £ 2.06 5.67 £ 1.52 3.64* + 2.23 0.35** £ 0.57
/ litter (49 (24) (25) (23)
Crown-rump length: mae | 3.60 + 0.16 3.58 £0.15 3.37*** £ 0.17 | 3.06*** £0.28
fetuses (mm) (292) (139) (99) 3
Crown-rump length: 3.52+0.18 3.48+0.19 3.27%** £ 0.20 | 3.07*** £0.19
femde fetuses (mm) (275) (136) (91) (8)
Weight of malefetuses(g) | 4.23 £ 0.32 4.22 +£0.30 3.82%** + 041 | 2.79*** £ 0.45
(288)° (139) (99) 3
Weight of femdefetuses | 4.07 £ 0.33 3.96 £ 0.38 3.47%** £ 0.38 | 3.07*** £0.35
() (273) (136) (91) ®

(Data from McKee et al., 1987)
a Results expressed as the group mean £ SD. (n)
b  Therewere6 fetusesin 1 litter which were measured, but not welghed.

*  p<0.05by ANOVA.
** p<0.01by ANOVA.

*** Ggnificantly different from controls (P < 0.05) by standard nested analysis of variance.

(2) Developmental reproductive toxicity

Infertility was observed in CD-1 mice after exposurein utero to benzo[a]pyrene (Mackenzie and
Angevine, 1981). Groups of 30 or 60 pregnant female mice were given doses of 10, 40 or 160
mg/kg/day benzo[a]pyrenein 0.2 ml corn oil on days 7 through 16 of gestation; controls received corn
oil only. Therewas no maternd toxicity or embryolethdity at any dose levd, dthough pregnancy
maintenance was impaired a 160 mg/kg/day. Mean pup weight was reduced in the litters of al treated
dams, with the effect becoming more noticeable with age. As adults, offspring which were exposed to
benzo[a]pyrene in utero showed loss of fertility in controlled breeding studies with untreated partners:
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a the higher doses this included complete infertility, and histologica aonormdlities of the gonads.
Treated pup weights, and results of the breeding studies with the F; mice are shown in Table 13.

Table 13: Pup weight and reproductive perfor mance of male and female F1 mice exposed
prenatally to benzo[a]pyrene

Benzo[a]pyrene (mg/kg/day)®

0 10 40 160
Treated Pup Weight
Mean pup weight at 4 days (g) 2.7+ 0.02 2.8+ 0.04 25+ 0.02 2.2+0.04
Mean pup weight at 20 days (g) 11.2+0.1 11.6+0.1 104+ 0.1** | 9.7+ 0.2**
Mean pup weight at 42 days(g) | 29.9+ 0.2 28.2+0.3** | 28.0+ 0.2** | 26.8 £ 0.4**
F1, Male breeding study
Number of F; males tested” 45 25 45 20
Fertility index’ 80.4 52.0* 4.7%* 0.0**
Mean litter Sze 11.0+0.1% | 10.7+0.2 10.8+ 0.6 -
F, Female breeding study
Number of F; females tested® 35 35 55 20
Fertility index 100.0 65.7** 0.0** 0.0**
Mean litter Sze 129+ 0.2 10.4 + 0.4** | - -

(Data from MacKenzie and Angevine, 1981)

a Micewere exposed prenatally to benzo[a]pyrene on days 7 through 16 of gestation.

b Beginning at 7 weeks of age, each F; mae was exposed to 10 untreated femaes over a period of
25 days.

c Fetility index: Femaes pregnant/femaes exposed to maes x 100.

d Mean* SEM.

e Beginning a 6 weeks of age, each F, femae was cohabitated continuoudy with an untreasted mae
for 6 months.

*  Sgnificantly different from controls (P<0.05).

** Sgnificantly different from controls (P<0.01).

Thus, in utero exposure to benzo[a]pyrene interfered with the development of the reproductive organs.
The severity of the effects seen in this experiment are notable: males exposed to 40 mg/kg

benzo[a] pyrene showed severdy atrophied and essentidly asgpermic seminiferous tubules. Exposed
females showed hypoplastic ovaries with very few fallicles or corpora lutea; most of the animals
exposed to the higher doses had no identifiable ovaries or only remnants of ovarian tissue. The
endocrine effects of such changes are likely to be substantial throughout postnatal growth and
development aswell asin the adult. The observation in this experiment of low pup weight as atrend of
margind sgnificance immediately after birth, but becoming more noticeable and daticaly sgnificant in
older (20 or 42 day old) pups may be indicative of endocrine effects.
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Smilar reductionsin fertility of femae NMRI mice were observed by Kristensen et al. (1995) after
exposure in utero to 10 mg/kg/day ora benzo[a]pyrene on days 7-16 of pregnancy.

(3) Developmental Immunotoxicity

Asdiscussed in the introductory section of this report, the immune system is an important potentia
target for impacts on children’s hedth. Thisis not only because of the prevalence of infectionsin
children (eg. otitis media, respiratory infections etc.) but because the immune system is far from mature
in the neonate, and undergoes important structurd and functiona changes during infancy and childhood.
In view of this continuing postnata development phaseit is very likely that there would be enhanced
sengitivity to exposures to toxicants during infancy, and greeter severity of the reponse, smilar to the
effects reported in this section.

Urso and Gengozian (1982), Urso and Johnson (1988) and Urso et al. (1992) reported a series of
experiments in mice which demongrated that a Sngle exposure to benzo[a]pyrene during pregnancy
results in immunosuppression in the offpring which is noticeable not only in the neonates but <o later
inlife, and dso changes in the maternd immune system which may impact the maintenance of pregnancy
and the subsequent immunologica status of the offspring. (They suggested that the effectsin the
offspring might be related to the later development of tumors at alarge number of Stesin these mice))
The immune responses were measured as the degree of anti- sheep erythrocyte plague-forming
response, mixed lymphocyte response of cultured lymphocytes, and measures of T-cdl function. A
typica experiment reported by Urso et al. (1992), in which mice were treated a mid- pregnancy with a
sngleintraperitoned injection of 150 mg/kg benzo[a]pyrene, isshown in Table 14.

Table 14: Progeny and mater nal mixed lymphocyte response

MLR expressed as % controls*

Progeny Mater nal
Time after treatment Spleen Thymus Spleen Thymus
17 days gestation (G) 95 50 47
19 days G 105 51 15
1 day postnatal (P) 61
3daysP 60 14
7 days P 55 26 40 8
4 weeks P 13
20 weeks P 44
53 weeks P 60
104 weeks P 43

Data from Urso et al. (1992)

* MLR, mixed lymphocyte response by responder cells cultured for 4 days with dlogeneic stimulator
cdls (mitomycin C inactivated) after a [*H]-thymidine pulse. Each value represents 6-10 determinations;
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fetd thymusvadueisapoal of tissue from fetuses (3-6) of one mother. Vaues above 95%, not
ggnificant; dl others Sgnificant at P < 0.05 to P < 0.0001 (Student's t-test).

The maturation of the immune system involves a process of growth, differentiation and sdection of
various classes of lymphocyte, and dso movement from initid locations in the feta liver and thymusto
the bone marrow and periphera lymphoid tissues. The differentiation and salection processes result in
different functiond classes of T cellswhose interactions are essentid in establishing the characterigtics of
the adult immune system such as sdlf-tolerance, recognition of foreign antigens and appropriate baance
of humora and cell-mediated responses. Disruption of these developmenta processes can have diverse
and ddeterious effects, including autoimmune disease, atopy and immunosuppression.

Holladay and Smith (1994) demonstrated severe depletion of both thymus and liver cell of B6C3F,
mice exposed to benzo[a]pyrene (materna dose 50, 100 or 150 mg/kg/day) on days 13-17 of
gedtation. Numbers of thymocytes and feta liver cells (obtained by mechanica disruption, resuspension
and washing in lysing solution to remove erythrocytes) determined by Coulter counter are shownin
Figure 1.

Figurel: Fetal thymusand liver cdlularity in B6C3F; mice exposed to benzo[a]pyrenein
utero

30
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(Data from Holladay and Smith, 1994.)

Differencesin the proportions of various classes of surface antigens (CD4, CD8 and HSA) were dso
noted in perinatally isolated thymocytes. The authors concluded that the changes were suggestive of
impaired maturation in the surviving thymocytes, and that these and other changes observed were
congstent with the long-term immunosuppression seen in mice exposed to benzo[a]pyrenein utero.
Similar effects of benzo[a]pyrene on development of T-cdlls, with long-term consequences for
development of the immune systemn, have been reported by others, including Rodriguez et al. (1999).

Polycyclic Organic Matter - 24



Prioritization of Toxic Air Contaminants - Children’s Environmenta Hedlth Protection Act
October, 2001

c) Pulmonary Toxicity (naphthalene)

Naphthadene is a quantitatively important member of the PAH class, and shares a number of toxic
effects (including carcinogenicity, as recently reported by NTP [2000]) with PAHs of greater molecular
sze and complexity.

Naphtha ene causes damage to both ciliated and Clara cdlls of the bronchiolar epithdium in mice (Van
Winkleet d., 1995; Plopper, 1992a,b). Neonata mice were more senditive to this damage than adult
mice (Fanucchi et a, 1997). Swiss Webster Mice at post-natal day (PND) 7 or 14, or adults, recelved
25, 50 or 100 mg/kg naphthaene by intraperitoned injection, and the lungs were prepared for
higologicd examination. Both observationd and morphometric evauation showed dose-dependent
damage to the bronchiolar epithelium. There wasloss of both ciliated and non-ciliated (Clara) cells, as
indicated by changesin totd epithelid thickness and in volume fractions of the various cdll types, and
appearance of vacuolated (injured) cells. Effects were smilar in adults and young mice, but whereas the
adult mice showed a LOAEL of 100 mg/kg for most effects, the 7 and 14-day old mice showed
LOAELsof 25-50 mg/kg. Although the dosesin this experiment were given intrgperitonedly, the
effects gppear to depend on metabolism of naphthaene in the target tissues and are therefore
anticipated to occur regardless of the dose route. Mice, which have high cytochrome P-450 activity in
the bronchiolar epithelium, are more sengtive to ngphthdene than rats or hamsters where this activity is
lower (Plopper et d 1992b). These dataindicate that infants and children may be more susceptible to
the effects of ngphthalene than adults.

V. Additional Information

A. Metabolism of PAHSs and formation of PAH adducts

We assume that the mgority of the toxic end points described in this summary, in both animas and
humans, are the result of the generation of reactive intermediates by metabolism, followed by reactions
of these intermediates with sengitive sitesin the cdll, particularly DNA, as has been observed for
benzo[a]pyrene and other PAHs in both adult and fetd tissues (Kleihues et al., 1980; Shugart and
Matsunami, 1985; Bolognes et al., 1985). Unless repaired, the adducts give rise to mutations,
followed by cytotoxicity and/or cancer. Teratogenicity aso gpparently involves reactive intermediate
toxicity (Wels and Winn, 1996). Some PAH metabolites, such as quinones, are highly reactivein

redox reactions, and thus some additionad mechanisms may include the action of reactive oxygen species
with cellular components rather than direct reactions with PAH metabolites.

In the metabolism, and ultimately carcinogenicity, of PAHS, both Phase | (activation) enzymes and
Phase Il (detoxification and conjugation) enzymes are important. Enzymes of both phases are inducible
by PAHs and by other related compounds. Both the structura genes determining the stability and
activity of the enzymes, and the regulatory genes controlling the induction of the enzymes, are subject to
important polymorphisms in both humans and animas. Thus determination of the metabolic cgpabilities
present in the fetus and young anima helps to identify Situations where these life stages might be more
susceptible to the toxicity of PAHS.
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Phase | metabolism of low-molecular-weight chemicas appears only near term in the rodent, and is
poorly inducible trangplacentaly (Anderson et al., 1989); such agents are rdaively ineffective asfetd
carcinogens. Phase | metabolism of aromatic carcinogens (including PAHS) appears early in gestation
and is highly inducible transplacentally in rodents by PAHS, resulting in dramatic proportiond increases
in enzyme activity. Phase Il enzymes convert the Phase | metabolites of PAHS or other aromatic
compounds to water-soluble forms, and, compared with Phase | enzymes, generdly have higher
condtitutive activity, but alower degree of inducibility in the fetus. In the mouse a Sngle dominant gene,
Ah, confers responsiveness to induction of PAH metabolism by cytochrome P-4501A1; the recessive
dleeis asociated with non-responsiveness. Transplacenta exposure to 3-methylcholanthrene dso had
a permanent imprinting effect, increasing the capacity of the livers to metabolize PAHs as adults 13
months after exposure.

The potentid for differentid effectsis clearly presented by the exigence of a highly inducible cytochrome
P-4501A1 capable of PAH metabolism in the fetus and at subsequent developmental stages, coupled
with alessinducible Phase || system following a different developmentd timetable. Credtell et al.
(1986) examined cytochrome P-450 isoenzyme content in fetal and postnatd rat liver. In the untreated
rat fetus, cytochrome P-450 was easily quantified spectrally, but no isoenzyme could be detected
immunochemicdly. After birth, each isoenzyme deve ops independently in untrested animas. b-
naphthoflavone and benzo[a]pyrene hydroxylase activities were sgnificantly increased by 3-
methylcholanthrene at any age, whereas the induction of the isosafrole isoenzyme was effective only
after 2 weeks of age. Similarly, pretreatment with phenobarbita resulted in the induction of the
phenobarbital-B and pregnenolone- 16a - carbonitrile isoenzymes and their associated mono-oxygenase
activitiesin fetd and neonatd rat liver, but a different times. Thus P-450 isoenzymes develop
independently and different mechanisms regulate the tempora expression of P-450 genes. P-450s
present in fetd and early neonatd rats are replaced in older animals by immunologicaly different
isoenzymes. Pretreatment with 3-methylcholanthrene or phenobarbital induces identical isoenzymesin
fetd, neonatd and adult rat liversin vivo. In addition, 3-methylcholanthrene and phenobarbitd are
potent inducers of the TCDD-hbinding protein in the fetd rat liver, where thisis arate-limiting gepin
induction of cytochrome P-450 (Marieet al., 1988). These reports present a complex picture for the
Phase | activities of interest for PAH metaboliam.

Neubert and Tapken (1988) found that three oral doses of 17.5 mg benzo[a]pyrene /kg body wt just
ggnificantly induce benzo[a] pyrene hydroxylase in maternd liver. In contragt, induction of

benzo[a] pyrene hydroxylase was demongtrable in 9-12 day old embryos at tissue levels about one
tenth those required for induction in maternd liver (0.3 — 1.1 mmol/kg wet weight in whole embryo vs.
5.9 - 1.1 mmol/kg in maternd liver). The benzo[a]pyrene tissue concentrations required to induce
benzo[a] pyrene hydroxylase in fetd liver on day 18 of gestation were about one half of those necessary
for induction in maternd liver (1.3 — 3.4 mmol/kg in whole embryo vs. 1.4 — 7 mmol/kg in maternd
liver).

The preceding reports (complemented by other related findings, e.g. Sunouchi et al., 1984; Lumet al.,
1985) show developmenta changes in metabolism in the liver. Smilar condderations apply to
metabolism in other tissues.
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Benzo[a] pyrene induces Phase 11 enzymes in the developing rodent. Administration of benzo[a]pyrene
(50 mg/kg/d) to pregnant rats significantly increased glutathione- S-transferase (GST) activity in placenta
tissue-extract and total fetal tissue-extract (Cervello et al., 1992).

Rouet et al. (1984) studied developmentd patterns of drug-metabolizing enzymes in the C57BI/6
mouse brain, lung and liver. These could be divided into three stages: (1) at the end of intrauterine life,
where an increase in activity was observed; (11) during the first days after birth, where a decrease was
seen; and (111) from the 6th day until weaning, where there was a gradud increase, reaching adult
vaues. Pulmonary benzo[a] pyrene hydroxylase activity showed an abrupt burst starting on day 6 of
postnatal life, then decreased dowly to become steady, and findly increased again. The mgor
metabolic pathways catalyzed by glutathione- S-transferase and epoxide hydrolase were operativein
mouse fetd brain and lung, just asinliver. In addition, enzymatic systems were found to be inducible
during fetd life by exogenous compounds such as b - naphthoflavone.

Sindhu et al. (1996) found that repeated exposure of both mae and femade juvenile ferretsto ETS
resultsin an increased production, by lung tissue in vitro, of (+)-anti-benzo[a]pyrene diol epoxide (the
ultimate carcinogen) from benzo[a]pyrene diol. They aso observed increasesin DNA binding in the
assay.

Dvorchik and Hartman (1982) demondirated thet liver obtained from the fetal sump-tailed monkey
(Macaca arctoides) is capable of catalyzing the hydroxylation of benzo[a]pyrene as early as midterm,
and that the apparent K, issmilar to that obtained with human fetd microsomes. The rate of
benzo[a] pyrene hydroxylation increased dmost 100-fold between midterm and 2 weeks after birth.

B. Metabolism of PAHs in human fetus and placenta.

The liver of the human fetusis an active Site for drug metabolism, and multiple P450s are present in fetd
liver that can catalyze, dbet with lower activity, the same reactions as in adult human liver. Crestell et
al. (1982) measured P450 concentration, related mono-oxygenase activities, epoxide hydrolase, and
dlutathione-S-transferase activities in the liver of human fetuses aged from 15 to 38 wk and in adults.
Aniline hydroxylase, benzphetamine demethylase, epoxide hydrolase, and glutathione-S-transferase
activities reach about half of adult values as early as 15-25 wk of gestation. The metabolism of
benzo[a] pyrene, ethoxycoumarin, and testosterone in podition 6 betaiis very low in the non-induced
fetus.

The human placenta has metabolizing capabilities for various xenobiatics, including PAH. Blanck et al.
(1983) demongtrated biotransformation of benzo[a]pyrene and 7-ethoxyresorufin in microsomes from
human fetd liver and placenta. Pelkonen (1984) reviewed materna, placental, and fetal xenobiotic
metabolism and found evidence for extensive xenobiotic metabolism in both fetus and placenta. There
was avery largeinter-individua variaion in enzyme activities Manchester et al. (1984) found
indications of first pass protection of the fetus by placental xenobiotic metabolism. Placenta metabolism
is generally considered to be protective of the fetus, by converting benzo[a]pyrene or other PAHs to
deactivated metabolites before they can impact the fetus.
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Barnea and Avigdor (1991) found that benzo[a]pyrene at 50 UM caused a Sgnificant increase in the
AHH enzyme activity of fird-trimester human placenta explants after an incubation of 6 h. In contradt,
50 uM 3-methylcholanthrene had no effect. Pasanen and Pelkonen (1994) reported that PA50 enzymes
in human placenta metabolize severa xenobiotics, dthough compared with the liver the spectrum of
subgtrates and metabolic activities is somewhat restricted. Maternd cigarette smoking increases the
expresson of CYP1AL. Thisinduced activity results in gregter activation of benzo[a]pyrene and
formation of DNA adducts. Marker activitiesfor CY P3A enzymes, the most abundant P450s in adult
human liver and active in fetd liver, were not detectable in human placenta microsomes.

Maternd smoking is known to induce AHH in the placenta. As one example, Hud et al. (1989)
examined AHH in human placenta of both active and passive smokers and confirmed that smoking
during pregnancy is associated with a marked increase in placental AHH. Placentd AHH was related
to the number of cigarettes smoked per day. Moreover, AHH was sgnificantly higher in pregnant
women passively exposed to tobacco smoke, relative to controls.

C. Regulatory Background

Polycyclic Organic Matter (POM) is afederd hazardous air pollutant, and this was identified as atoxic
ar contaminant in April 1993 under AB 2728. OEHHA prepared hedth risk assessment documents
(OEHHA, 1993; 1999) for the Cdifornia Toxic Air Contaminants program in which benzo[a] pyrene
and various other PAHs were considered.

The U.S. EPA and IARC have classified benzo[a]pyrene as a probable human carcinogen (U.S. EPA,
1994; IARC, 1987). |ARC (1987; 1989; 1996) has dso identified a number of other specific PAHs
as probable or possible human carcinogens (Table 15). The State of Cdifornia has determined under
Proposition 65 that several POM compounds (including benzo[ b]fluoranthene, benzo[j]fluoranthene,
benzo[k]fluoranthene, benzo[a]pyrene, chrysene, indeno[1,2,3-cd]pyrene, 3,7-dinitrofluoranthene, and
3,9-dinitrofluoranthene) are carcinogens (Cdifornia Code of Regulations (CCR), 1997).

An inhdation potency for benzo[a]pyrene was developed for the Cdifornia Toxic Air Contaminants
program (OEHHA, 1993) using alinearized multistage model applied to respiratory tract tumor
incidence data from an inhaation bioassay in mde hamgers (Thyssen et al., 1981). The cancer
potency factor calculated was 3.9 (mg/kg-day) ™, corresponding to a unit risk of 1.1 x 10° (ng/nt) ™.
An ord potency factor of 12 (mg/kg day)™ for benzo[a]pyrene was aso developed, based on the
incidence of gastric tumors (papillomas and squamous cdl carcinomas) in mae and female mice (Neal
and Rigdon, 1967; OEHHA, 1993). A number of PAHs were identified by IARC as carcinogens
(Class 2B or above), but data were inadeguate to permit calculation of specific inhaation cancer
potency factors for these compounds. OEHHA (1993) assessed these, dong with chrysene and some
nitro-PAHs using arelative potency scheme (Callins et al., 1998) with benzo[a]pyrene as a reference
compound (Table 16).

In addition to the listing of benzo[a]pyrene and other PAHs as atoxic air contaminant, it should be
noted that diesel exhaust particulate matter has been listed as atoxic air contaminant, and diesel exhaust
islisted as a carcinogen under Proposition 65. Both the volatile and particulate fractions of diesel
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exhaust contain PAHs and nitro- PAHs, which are considered important, but not exclusive, contributors
to the carcinogenicity and other adverse hedlth effects of diesdl exhaudt.

Table 15: IARC groupings of PAHSs, mixtureswith PAHs, and derivatives.

Group 1 Group 2A Group 2B
Coal-tar pitches Benz] a]anthracene Benzo[ b]fluoranthene
Codl-tar Benzo[a] pyrene Benzo[j ]fluoranthene
Cod gadfication Creosotes Benzo[k]fluoranthene
Coke production Dibenzo[a,h]anthracene Carbon black extracts
Minerd ails Diesd engine exhaust Carbon black
Shde-alls Dibenz[ a,h]acridine
Soots Dibenz[ a,j Jacridine
Tobacco smoke 7H-Dibenzo[c,g]carbazole
Smokel ess tobacco products Dibenzo[a,€]pyrene
Dibenzo[a,h]pyrene
Aluminum production Dibenzo[a,i]pyrene

Dibenzo[a,l] pyrene
Indeno[1,2,3-cd]pyrene
5-Methylchrysene
5-Nitroacenaphthene
1-Nitropyrene
4-Nitropyrene
1,6-Dinitropyrene
1,8-Dinitropyrene
6-Nitrochrysene
2-Nitrofluorene
3,7-Dinitrofluoranthene
3,9-Dinitrofluoranthene
Gasoline engine exhaust

(Data from |ARC Supplement 7, 1987, and |ARC Volumes 46, 1989 and 65, 1996.)
Groupl:  carcinogenic to humans.
Group 2A: probably carcinogenic to humans.
Group 2B: possibly carcinogenic to humans.
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Table 16: OEHHA Potency Equivalency Factors (PEF)

PAH or Derivative CAS Number Suggested PEF
benzo[a] pyrene 50-32-8 1.0
(Index compound)
benz a]anthracene 56-55-3 0.1
benzo[ b]fluoranthene 205-99-2 0.1
benza[j Jfluoranthene 205-82-3 0.1
benzo[k]fluoranthene 207-08-9 0.1
dibenz[ a,jJacridine 224-42-0 0.1
dibenz] a,h]acridine 226-36-8 0.1
7H-dibenzo[c,g]carbazole 194-59-2 1.0
dibenzo[a,€]pyrene 192-65-4 1.0
dibenzo[a,h]pyrene 189-64-0 10
dibenzo[a,i]pyrene 189-55-9 10
dibenzo[a,l]pyrene 191-30-0 10
indeno[1,2,3-cd]pyrene 193-39-5 0.1
5-methylchrysene 3697-24-3 1.0
1-nitropyrene 5522-43-0 0.1
4-nitropyrene 57835-92-4 0.1
1,6-dinitropyrene 42397-64-8 10
1,8-dinitropyrene 42397-65-9 1.0
6-nitrochrysene 7496-02-8 10
2-nitrofluorene 607-57-8 0.01
Chrysene 218-01-9 0.01
dibenz] a,h]anthracene* 53-70-3 1.1
7,12-dimethylbenzanthracene* 57-97-6 65
3-methylcholanthrene* 56-49-5 5.7
5- nitroacenaphthene* 602-87-9 0.034

The nitro-PAHs are those listed as IARC class 2B. Although chryseneisan IARC class 3 carcinogen,
the U.S. EPA classifiesit as Group B2.

* Inhdation unit risks were ca culated independently for these compounds by OEHHA,; the PEF shown
isthe ratio of the caculated unit risks for these compounds to that for benzo[a] pyrene.
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VI. Conclusions

Thisevauation of POM as atoxic ar contaminant causing hedth effects in infants and children was
primarily based on the known hedlth effects of PAHSs (which are the mgor components of POM), and
of related specific chemicasthat occur as components of POM. Also considered were exposures to
ar pollutant mixtures from defined sources, of which POM is a known component and where hedlth
effects can be at least partly ascribed to this POM component or to specific PAHs identified in the
mixture. These mixturesinclude diesdl exhaust, environmentd tobacco smoke, and air pollutants
emitted by domestic or industrial combustion of solid fuels (cod etc.).

Many PAHS, PAH derivatives and pollutant mixtures containing them have been shown to be
carcinogenic in animas and/or humans. There isagenerd concern that exposure to a carcinogen early
in life may have a greater overal impact than asmilar exposure to an adult. Additiondly, there are
experimenta data showing that young animals are more sensitive to the carcinogenicity of certain PAHs
and PAH derivatives.

Prenatd exposure to PAHs resultsin serious or irreversible effects in the fetus. Fetal damage sustained
as aresult of exposure to environmental toxicants is a source of adverse postnatal hedth impacts. For
ingance, PAHs are trangplacental carcinogens. The mechanisms underlying transplacental
carcinogenesis are gpparently smilar to those for carcinogenesis after postnata exposure, but the
sengtivity and diversity of tumor Stes are often greater.

Fetotoxicity and teratogenesis have been observed following anima exposure in utero to PAHs or to
mixtures containing them. Such exposuresto PAHS, or to mixtures containing them, have aso been
found to result in related adverse effects, such aslow birth weight in both humans and rodents. PAH
exposures in utero have aso been found to cause structurd and functional disturbances of the immune
and hematopoietic systems, and loss of fertility, in the offsoring. These occurred a doses causing little
or no concurrent maternal toxicity. Some of these effects observed after exposure in utero pardld
toxic effects in the adult (e.g. immunatoxicity, reproductive toxicity, mye otoxicity), but wheress these
effects are reversble in the adult, the effect of fetd exposureisirrevershble.

Thereis greater exposure of children to environmental PAHs compared to adults. Children’sdaily
doses of PAHs (per kg of body weight) were generaly higher from al routes of exposure than those of
adultsin the same household. Biomarkers for direct impacts associated with adverse heath outcomes,
such as DNA adducts, are increased in children exposed to environmentd pollution by PAHs and
related POM components.

Inview of thisrange of evidence for differentid sengtivity of the fetus, infants and children to hedlth
effectsinduced by POM components such as PAHS, and for greater exposure of children to POM,
OEHHA has placed POM in Tier 1 of the priority list.
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